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Table 1a.  Chemical composition of Zagami.

Treiman 86 Laul 72 Easton 77 Burger 89Smith 84 Shih 82 Ma 81 Ma 82 HaramuraStolper79 McCoy92

weight 0.1-0.2 g (Irving) 40 mg
SiO2 % 50.9 (d) 50.52 (d) 50.8 (e) 51.2
TiO2 0.73 (d) 0.77 (a) 0.8 (b) 0.8 (b) 0.84 (d) 0.77 (e) 0.81
Al2O3 5.7 (d) 6.4 (b) 6.4 (b) 6.27 (d) 5.67 (e) 6.19
FeO 17.3 (d) 19 (b) 19 (b) 18.03 (d) 18 (e) 18.2
MnO 0.5 (d) 0.5 (b) 0.502 (b) 0.44 (d) 0.5 (e) 0.55
CaO 10.5 (d) 10.6 (b) 10.6 (b) 9.57 (d) 10.8 (e) 10.7
MgO 11.4 (d) 11.1 (b) 11.1 (b) 12.14 (d) 11 (e) 10.4
Na2O 1.2 (d) 1.21 (b) 1.21 (b) 0.13 (d) 0.99 (e) 1.29
K2O 0.1 (d) 0.14 (b) 0.14 (b) 0.08 (d) 0.14 (e) 0.13
P2O3 0.48 (d) 0.46 (d) 0.58
sum 98.81 98.45 98.67            100.05

Li ppm 3.82 (c)
C
F
S
Cl
Sc 53 (b) 57 (b) 53 (b)
V 312 (b) 312 (b)
Cr 2600 (d) 1984 (b) 1984 (b) 1026 (d)
Co 36 (a) 37 (b) 36 (b)
Ni 90 (a) 50 (b) 67 (b)
Cu
Zn 63.8 (a) 55 (a) 62 (a)
Ga 14 (a)
Ge 0.78 (a)
As 0.046 (a)
Se 0.32 (a) 0.33 (a) 0.32 (a)
Br 0.79 (a)
Rb 9.56 (a) 6 (a) 5.7 (a) 5.69 (c)
Sr 46 45.9 (c)
Y 10.6 (a)
Zr 58.2 (a)
Nb
Mo
Pd ppb 1.79 (a)
Ag ppb 14.2 (a) 37 (a) 31
Cd ppb 179 (a) 71 (a) 61 (a)
In ppb 26.6 (a) 22.2 (a) 22 (a)
Sb ppb 5.2 12 (a)
Te ppb 2.2 (a) 1 (a)
I ppm
Cs ppm 0.367 (a) 0.336 (a) 0.38 (a)
Ba 27.4 (a) 25 (b) 25.3 (c)
La 0.9 (b) 1.6 (c) 2.07(b) 0.9 (b)
Ce 3.75 (c)
Pr
Nd 2.89 (c)
Sm 0.76 (b) 1.17 (c) 1.42(b) 0.76 (b)
Eu 0.44 (b) 0.476 (c) 0.51(b) 0.44 (b)
Gd
Tb 0.22 (b) 0.34(b) 0.22 (b)
Dy 1.7 (b) 2.66 (c) 1.7 (b)
Ho
Er 1.6 (c)
Tm
Yb 0.98 (b) 1.38 (c) 1.45(b) 0.98 (b)
Lu 0.13 (b) 0.201 (c) 0.26(b) 0.13 (b) Lee & Halliday 97
Hf 1.6 (a) 1.7 (b) 1.9 (b) 1.7 (b) 1.946 ( c)
Ta 0.19 (a) 0.2 (b) 0.22(b) 0.2 (b)
W ppb 800 (a) 445 ( c)
Re ppb 0.035 (a)
Os ppb 0.119 (a)
Ir ppb 0.033 (a) 0.1 (a)
Au ppb 1.76 (a) 2.1 (a) 2.2 (a)
Tl ppb 11.7 (a) 11 (a) 12 (a)
Bi ppb 1.64 (a) 1.1 (a) 5.1 (a) Chen 86
Th ppm 0.27(b) 0.367 (c)
U ppm 0.094 (a) 0.154 (a) 0.091 (c)
technique (a) RNAA, (b) INAA, (c) Isotope dilution mass spec., ( d) wet, (e) elec. probe, fused sample
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Table 1b. (continued).  Chemical Composition of Zagami.

reference Lodders 98 Barrat 2001 Kong 1999 Wang 98 Brandon 2000 Blichert-Toft 99
weight average 83 mg. 39.5 mg. 2.052 g. 102 mg. 156 mg.
SiO2 50.5
TiO2 0.79 0.67 (a) 0.82 (c )
Al2O3 6.05 5.35 (a) 3.53 (c )
FeO 18.1 19.1 (a) 18.78 (c )
MnO 0.5 0.58 (a) 0.62 (c )
CaO 10.5 8.35 (a) 9.63 (c )
MgO 11.3 12.31 (a) 10.91 (c )
Na2O 1.23 1.1 (a) 1.08 (c )
K2O 0.14 0.17 (c )
P2O5 0.5
sum 99.61

Li ppm 2.9
Sc 55 53 (b) 55.1 (c )
V 312 259 (c )
Cr 2260 1900 (c )
Co 36 39.5 (b) 43.4 (c ) 36 (d)
Ni 48 101 (b) 111 (c )
Cu 14 (b)
Zn 60 59 (b) 79 (c ) 62 (d)
Ga 14 12.68 (b) 10.4 (c ) 14 (d)
Ge 0.78
As 0.046
Se 0.32 0.32 (d)
Br 0.83
Rb 5.6 5.32 (b) 5.7 (d)
Sr 45 38 (b)
Y 13.55 (b)
Zr 73 61.01 (b)
Nb 5.5 3.93 (b)
Mo 0.0636 (d)
Pd ppb 1.8
Ag ppb 27 12.4 (d) 31 (d)
Cd ppb 66 61 (d)
In ppb 24 22 (d)
Sb ppb 9 12 (d)
Te ppb 1.6 1 (d)
I ppm <0.005
Cs ppm 0.36 0.37 (b) 0.38 (d)
Ba 26 22.3 (b)
La 1.51 1.44 (b) 2.24 (c )
Ce 3.75 3.47 (b) 1.95 (c )
Pr 0.509 (b)
Nd 2.75 2.53 (b)
Sm 1.11 0.961 (b) 1.47 (c )
Eu 0.475 0.399 (b) 0.58 (c )
Gd 1.56 (b) 0.58 (c )
Tb 0.28 0.308 (b) 0.497 (c )
Dy 2.2 2.17 (b)
Ho 0.479 (b)
Er 1.6 1.34 (b)
Tm
Yb 1.27 1.22 (b) 1.88 (c )
Lu 0.195 0.186 (b) 0.261 (c ) 0.204 0.198 (e)
Hf 1.7 1.54 (b) 1.69 (c ) 1.55 1.56 (e)
Ta 0.2 0.19 (b)
W ppb 610 283 (d)
Re ppb 0.035 0.0755 (e)
Os ppb 0.12 0.51 (d) 0.00911 (e)
Ir ppb 0.03 1.19 (d)
Au ppb 2 1.37 (d) 2.2 (d)
Tl ppb 11.6 12 (d)
Bi ppb 5.1 5.1 (d)
Th ppm 0.37 0.285 (b)
U ppm 0.12 0.075 (b) 0.154 (d)
technique  (a) ICP-AES, (b) ICP-MS, (c ) INAA, (d) RNAA, (e) IDMS
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Table 2.  Chemical Composition
of amphibole in Zagami.

reference Treiman 85 Mikouchi 2000
weight %
SiO2 35.15 35.58
TiO2 8.94 9.4
Al2O3 15.13 14.68
Cr2O3 0.37 0.16
V2O3 0.09
FeO 16.18 18.05
MnO 0.29 0.27
CaO 11.48 10.23
MgO 6.4 5.43
Na2O 2.38 1.68
K2O 0.2 0.09
P2O5 0.58
F 0.08
Cl 0
H2O 1.88

sum 98.48
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Figure 6.  Normalized rare-earth-element diagram for
Zagami compared with that of Shergotty.  The data for
Zagami are from Barret et al. 2001.

related, are reports of minute grains of KAlSi
3
O

8

hollandite (a phase requiring high pressure origin) in
shock-melted veins (Langenhorst and Poirier 2000).

Amphibole:  Treiman (1985a) reported hydrous
amphibole in melt inclusions in Zagami.  One grain of
amphibole has been analyzed for D/H ratio by Watson
et al. (1994c).  Using micro-Raman spectroscopy,
Mikouchi and Miyamoto (2000) found that the amphibole
in Zagami has spectra similar to kaersutite.  Treiman
(1985) and Mikouchi and Miyamoto (2000) give
analyses of amphibole (table 2).

Phosphates:  McCoy et al. (1992) reported whitlockite
in Zagami and  Wadhwa et al. (1994a) found that the
REE pattern for whitlockite was similar to that of the
bulk sample.  Wang et al. (1998) determined the Raman
spectra of both apatite and whitlockite. Watson et al.
(1994a) studied a large apatite grain in the residual melt
portion of Zagami (DN) (Vistisen et al. 1992; McCoy
et al. 1993; Wadhwa et al. 1993b) and found that it
contained 0.3-0.4 wt % H

2
O with a high D/H ratio.

McCoy et al. (1999) report that “large” phosphates
are abundant in the late-stage melt pockets in the dark,
mottled lithology and give analyses.

Sulfides:  The sulfide phase is pyrrhotite (Fe
0.94

S)
(McCoy et al. 1999).

Oxides:  Titanomagnetite occurs as subhedral grains
and has minor ilmenite exsolution.  Analyses are given
in Stolper and McSween (1979) and McCoy et al.
(1999).

Fayalite:  Fayalite (Fo
8-10

) occurs as part of
“intergrowth” assemblage in late-stage DN lithology.
Wadhwa et al. (1993) reported that this late-stage
olivine was considerably enriched in Ti, Zr, Y and REEs.
Olivine was first noted in Mössbauer spectra by Vistisen
et al. (1992).

Glass:  Glass veins (pseudotachylite) and “glass pods”
in Zagami were analyzed by McCoy et al. (1992), Marti
et al. (1995) and Langenhorst and Poirier (2000).

Whole-rock Composition
Easton and Elliot (1977) reported the bulk composition
of Zagami and noted a trace of bound water.  Stolper
and McSween (1979), McCoy et al. (1991, 1992),
Haramura (1995a), Wang et al. (1998), Kong et al.
(1999) and Barrat et al. (2000) have also reported bulk
analyses (table 1).  Trace elements have been
determined by Shih et al. (1982) and Barret et al. 2001.
(figure 6).  Smith et al. (1984) noted that there was a
wide range of absolute REE abundances (e.g. La =
0.9 to 1.9 ppm), as reported by various investigators.
Gibson and Moore (1983) determined 1850 ppm S.
Karlsson et al. (1992) determined 430 ppm H

2
O.

Zagami appears to be depleted in Ir and Os (Walker et
al. 2009).

Radiogenic Isotopes
Shih et al. (1982) originally determined an age of 180 ±
4 m.y. with I

Sr
 = 0.72145 ± 5 using Rb-Sr (figure 7)(λ

Rb

=1.39 x 10-11 year-1).  They also reported an argon
plateau age of ~260 m.y. for the plagioclase (figure 8).
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